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Abstract: The present study was performed to determine the structural differences and immunohistochemical distribution of folliclestimulating hormone (FSH) producing cells in the pars distalis region of the pituitary glands of 5 month-old laying hens, using the
labeled avidin-biotin method. Hens begin to lay eggs at approximately the age of 5 months. It was observed that gonadotrophic cells
containing FSH were present in both the cephalic and caudal zones and were densely distributed throughout the pars distalis. They
appeared to be arranged in either cords or follicles in which branching and anastomosing occurred as well as being found as separate
cells. The strongest positive FSH immunoreactivity was observed in most of the cells located in the caudal and cephalic zones of the
pars distalis in 5 month-old laying hens. Furthermore, the total numbers of FSH immunoreactive cells (in 1 µm2) were similar in the
cephalic and caudal zones.
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Befl Ayl›k Tavuklar›n Hipofiz Bezinin Pars Distalisindeki FSH ‹çeren Hücrelerin
‹mmunohistokimyasal Da¤›l›m›
Özet: Bu çal›flmada, befl ayl›k yumurtac› tavuklar›n FSH salg›layan gonodotrop hücreleri iflaretli avidin-biotin yöntemi ile saptanarak;
hücrelerin yap›sal özellikleri ve pars distalisteki da¤›l›mlar› incelendi. Befl ayl›k yafl, tavuklar›n yumurtlama periyodunun bafllang›c›d›r.
Pars distalisin sefhalik ve kaudal bölgelerinin her ikisinde de FSH immunreaktif hücreler görüldü. FSH-ir hücrelerin tek tek yerleflim
gösterdi¤i gibi kordonlar, foliküller oluflturarak dallanmalar ve anostomozlar flekillendirdi¤i saptand›. Befl ayl›k yumurtac› tavuklar›n
pars distalisinde bulunan FSH–ir hücrelerin büyük ço¤unlu¤unun kuvvetli pozitif immunreaksiyon verdi¤i gözlendi. Ayr›ca FSH-ir
2
hücrelerin toplam say›s› (1 µm ) hem sefhalik hem de kaudal bölgede birbirine oldukça yak›n de¤erlerde bulundu.
Anahtar Sözcükler: Hipofiz bezi, pars distalis, FSH hücreleri, yumurtac› tavuk

Introduction

Materials and Methods

Gonadal development in fowl as well as in mammals
depends on the function of pituitary hormones.
Luteinizing hormone (LH) and follicle-stimulating
hormone (FSH), considered the major gonadotrophic
hormones produced by the pituitary gland, are
particularly critical for the regulation of ovulation. These
hormones have stimulatory effects on the production of
eggs. Hens begin to lay eggs at approximately the age of
5 months. During this period, FSH cells become activated
to stimulate the growth of follicules, which will give rise
to mature eggs in laying hens (1,2).

Ten Isobrown laying hens (egg type) at the age of 5
months were sacrificed by cervical dislocation. The
hypophyses were removed and fixed in buffered neutral
formalin for 24 h. They were then processed routinely
through paraffin. The tissues were embedded
parasagittally into paraffin blocks. The sections were cut
to 6-µm thickness and were stained with the triple
method (3). The cephalic and caudal zones were
determined from the triple stained sections. For
immunohistochemistry, 6-µm-thick sections were cut and
mounted on poly-L-lysine (Sigma, St Louis, MO, USA)
coated slides. Monoclonal mouse-antihuman FSH (Zymed,
San Francisco, CA, USA) as a primary antibody was used
to identify FSH immunoreactive (FSH-ir) cells in the pars
distalis of the pituitary glands by the modified labeled

The objective of the current study was to determine the
structural differences and immunohistochemical
distribution of FSH producing cells in the pars distalis
region of the pituitary glands of 5 month-old laying hens.
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avidin-biotin method (4) using Histostain-Plus Bulk Kits
(Zymed 2nd Generation LAB-SA Detection System). This
protocol was modified in the antigen retrieval step by
putting the slides into citrate buffer (pH 6) in a
microwave oven at 700 W for 5 min 3 times. Then the
sections were incubated with monoclonal mouse antihuman-FSH primary antibody in a dilution of 1/100 for
90 min at 37 °C. The specificity of immunolabeling was
assessed by omission of the primary antibody and
incubation with non-immune serum. All these control
experiments gave negative results.
FSH-ir cells were classified depending on the density
of the staining as weakly (+), moderately (++) and
strongly stained (+++). Based on this classification,
the average number of FSH-ir cells was calculated (5),
2
after the cells were counted per 1 µm per 10 squares.

Results
The triple stained sections confirmed that the
adenohypophysis was composed of pars distalis and pars
tuberalis regions in the pituitary glands of 5 month-old
laying hens (Figure 1). The pars intermedia did not exist
in the adenohypophysis. The pars distalis occupied the
major part of the pituitary gland. The secretory cells of
the pars distalis appeared to be arranged in either cords
or follicles in which branching and anastomosing
occurred. No structural distinction was observed
between cephalic and caudal zones. Connective tissue

Figure 1. Cephalic and caudal zones of the pars distalis, cephalic (C),
caudal zones (*), triple. Bar 350 µm.
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strands were not separately located in the zones (Figure
1). The cords of the cells in the caudal zone of the pars
distalis were more loosely arranged than those in the
cephalic zone.
FSH-ir cells were localized in both the cephalic and
caudal zones of the pars distalis. However, they were
distributed differently throughout the pars distalis of the
5 month-old laying hens (Figure 2). FSH positive labeling
was observed in the cytoplasm of the gonadotrophic cells.
FSH-ir cells stained brown with DAB chromogen had a
small amount of cytoplasm, and spherical or ovoid and
relatively euchromatic nuclei located at the center of the
cells (Figure 3). The staining densities of the FSH-ir cells
in the cephalic and caudal zones are shown in the Table.
The average numbers of FSH–ir cells were similar in the
cephalic and caudal zones. Additionally, the strongest
positive reaction for FSH-ir cells was observed in both
zones (Table). While limited number of weakly stained
(+) FSH-ir cells were observed, moderately stained (++)
FSH-ir cells had the same arithmetical average rate in
both zones. FSH-ir cells of the pars distalis appeared to
be arranged in either cords or follicles in which branching
and anastomosing occurred, as well as being found as
separate cells (Figure 4). Those cords and follicles had
thin diameters and thus most cells were touching or close
to the external surface of the cords. They were elongated
in different shapes and were polarized towards the
sinusoids of the pituitary gland.

Figure 2. FSH-ir cells. Bar 140 µm.
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Figure 3. FSH-ir cells. Bar 35 µm.

Figure 4. FSH-ir cells. Bar 70 µm.

Table. Arithmetical mean, total, minimum and maximum values of FSH-ir cells, 1 µm2 in cephalic and caudal zones of the pars distalis.
Cephalic Lobes

Caudal Lobes

Arithmetical mean

Total

Min

Max

Arithmetical mean

Total

Min

Max

+ FSH-ir cells

1.5

12.2

1

2

1.6

12.1

0

3

++ FSH-ir cells

2.6

12.2

2

4

2.6

12.1

1

4

+++ FSH-ir cells

8.1

12.2

7

9

7.9

12.1

7

9

Discussion
The pituitary glands of 5-month-old hens used in the
present study demonstrated a structural similarity with
those fowl (6,7). The majority of the gonadotrophs
contained both LH and FSH in the same cells (8-10). In
pigs (11) and lizards (12), all the gonadotrophs
reportedly contained both LH and FSH. In other species
ranging from humans (13) to frogs (9), at least twothirds of the gonadotrophs contained both hormones.
However, LH and FSH were produced in separate cells in
bovine and chicken pituitary glands (8). FSH and LH
resided in different cells in the pars distalis region of
chicken pituitary glands (14). The cellular localization of
the
gonadotrophs
was
determined
by
immunohistochemical techniques in a variety of species
(9,10,15,16). There were conflicting findings regarding

whether there were 1 or 2 types of gonadotrophic cells
in birds and whether those gonadotrophic cells were
found in both zones or just in the caudal zone of the pars
distalis (14,17). We observed that gonadotrophs
containing FSH were densely distributed throughout the
pars distalis, while they were present in both zones.
Our results showed that FSH-ir cells were arranged
in either cords or follicles in which branching and
anastomosing occurred as well as being found as separate
cells in both zones of the pars distalis. Total numbers of
FSH–ir cells were similar in the cephalic and caudal zones.
Additionally, the strongest positive reaction for FSH-ir
cells was observed in both zones. While very few weakly
stained (+) FSH-ir cells were observed, moderately
stained (++) FSH-ir cells had the same arithmetical
average rate in both zones.
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